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A  USERS  GUIDE  TO  MILITARY  HYDROLOGY 


1.  Purpose .  This  report  is  a  comprehensive,  quick  access  guide  to 
literature,  agencies,  and  points  of  contact  (POCs)  in  the  field  of  military 
hydrology.  It  is  designed  to  help  users  find  the  information  they  need  to 
carry  out  operational  missions  and  studies  related  to  military  hydrology. 

2.  Scope .  This  guide: 

a.  Reviews  recent  unclassified  US  Army  doctrine,  reports,  and 
literature  published  primarily  between  1970  and  1986  about  and  including 
information  on  military  hydrology. 

b.  Lists  military  agencies  and  POCs  responsible  for  various  aspects 
of  the  military  hydrology  mission. 

c.  Suggests  where  more  information  can  be  found. 

d.  Provides  a  selected  military  hydrology  bibliography. 

3.  Background .  In  May  1979,  the  US  Army  Waterways  Experiment  Station 
(WES)  began  publishing  a  series  o.  reports  which  address  problem  areas  in  the 
field  of  military  hydrology.  In  May  1984,  the  US  Army  Engineer  Studies  Center 
(ESC)  published  Engineer  Troop  Well  Drilling  Rig  Requirements,  a  study  which 
outlined  the  specific  kinds  of  equipment  the  Army  needed  to  purchase  if  it  was 
to  meet  the  requirements  of  its  military  hydrology  mission  worldwide.  During 
both  efforts  a  large  amount  of  data  were  gathered  about  va 'ious  aspects  of 
military  hydrology  and  water  supply  systems.  However,  gathering,  assembling, 
and  assimilating  new  and  old  doctrinal  literature  and  policies  are  not  enough. 
Some  effort  must  be  made  to  determine  what  information  is  most  useful  to 
accomplishing  specific  tasks  within  the  Army's  military  hydrologv  mission. 
Therefore,  ESC  decided  to  assemble,  summarize,  and  consolidate  the  data 
collected  during  these  prior  studies  and  publish  this  report  on  ('urrent 


military  hydrology  literature  and  POCs.  This  will  give  members  of  the  Army 
and  joint  services  easy  access  to  previous  work,  and  help  them  avoid  duplicat¬ 
ing  past  efforts. 

■i-  Limitations  and  Their  Significance.  This  guide  has  several  limita¬ 
tions  • 

a.  LIMITATION;  The  data  and  information  reviewed  in  this  guide  are 
presumed  correct  and  adequate.  SIGNIFICANCE;  ESC  did  not  attempt  to  rate 
documents  for  currency  and  adequacy,  or  to  recommend  which  documents  should  be 
updated  or  expanded. 

b.  LIMITATION;  This  guide  does  not  provide  data  or  information  on 
geographically  site-specific  hydrologic  information.  SIGNIFICANCE;  This 
report  only  guides  the  user  to  where  information  related  to  military  hydrology 
can  be  found.  For  site-specific  data,  users  must  access  the  water  resources 
data  base  maintained  by  the  US  Army  Engineer  Topographic  Laboratories  (ETL). 

c.  LIMITATION;  This  guide  only  includes  Information  published 
between  1970  and  October  198b.  SIGNIFICANCE;  Anv  data  or  doctrine  cnrrentlv 
being  written  or  developed  have  not  been  included. 

5 .  Definitions . 

a.  Hydrology.  That  part  of  the  terrestrial  environment  concerned 
with  the  cnaracter Istics  of  surface  and  subsurface  water. 

b.  Military  hydrology.  A  specialized  field  of  hydrology  that  deals 
with  those  characteristics  of  surface  and  subsurface  water  that  may  affect  the 
planning  and  conduct  of  military  operations.' 

'Military  Hydrology,  Army  Regulation  (AR)  115-21  (Department  of  the  Army, 
Headquarters  [DA  HQ],  24  March  1977). 


c.  Soil  moisturt*  content.  Soil  moisture  content  is  the  nraount  of 
water  in  a  >^iven  volume  (or  weiitht)  'of  soil.-  Of  primary  interest  Is  its 
impact  on  runoff,  streamflow,  t  raf  f  i  cabi  1  i  t  y  ,  .and  f.irility  site  selection. 

d.  Me  tooro  1  oi;y .  The  study  of  the  K.irth's  atmosphere,  including 
moveraetits  and  other  phenomena,  especiallv  -is  thev  relate  to  weather  fore¬ 
casting.^  The  military  hydrologist  must  have  accurate  measurements  and  fore¬ 
casts  to  estimate  stre<imflow,  soil  moisture,  and  the  availability  of  water  and 
water  sources. 

e.  Streamflow.  Streamflow  is  a  type  of  channel  flow.  Specifically, 

A 

it  is  the  surface  runoff  traveling  within  a  stream.  Streamflow  information 
helps  the  military  hydrologist  forecast  floods  and  streams  and  to  suggest  the 
best  way  to  manage  gap  crossings  and  dam  breaches. 

f.  Water  supply.  Water  supply  is  a  source,  means,  or  process  of 
providing  water.  In  the  context  of  this  study,  it  is  the  supply  of  water  to 
the  US  armed  forces.  The  military  hydrologist  must  be  able  to  the  locate, 
identify,  <ind  extract  potential  water  sources  for  soldier  In  the  field. 

b.  .^pproach .  The  first  step  in  the  preparation  of  this  guide,  as 
indicated  in  Figure  I,  was  to  conduct  a  literature  search.  ESC  examined 
Department  of  th'.’  .\rmy  (DA)  Pamphlet  310-4  for  Army  technical  manuals  (TMs), 
f  1  •’ !  d  manuals  (F'is),  Armv  regulations  (ARs),  technical  bulletins  (TBs),  and 
otl.'T  ri-1  ated  ilortrinal  publications  which  include  military  hydrology  or  water 
supply  In  their  title  or  subject  list.  A  search  was  also  done  of  various 
aur.  nmi'ed  ilati  bases  .ivailable  from  the  Defense  Te'-tiniral  Information  Center 


Pr.u-.‘..ri  i  ngs  of  the  Military  ilydrologv  Workshop,  17-lh  M.iv  ID/H  Virks- 

g  , _ Mi  s  i  s  s  i  pp  i  ,  Terimical  Report  KL-7’-i-2  (PS  Armv  Engineer  Waterw.ays 

Experyaent  Station  [WES],  May  1970). 

El'issarv  of  Oeola'gv  (Ami’rican  Gcologic.al  Instituti',  1974),  p.  44S. 
"*t;.loss.irv  ot  Geolo;',v  p.  b99. 
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(I)TIC),  Cue  WTtional  Technical  I  n  iormar  i  on  S.'rvice  (  f  !  S  )  ,  iinl  I)  I  AhMCl'li ,  in 
automated  information  data  base.  Various  US  Army  and  Department  of  nef'>nse 
(DUD)  libraries,  as  well  as  tlie  libr.iries  of  ri's-oarch  anii  l,,pment  (Rial)) 

laboratories  that  pviblish  reports  related  to  militarv  hydrology,  were  also 
examined.  These  sources  were  reviewed  to  find  information  not  onlv  on  the 
topic  of  militarv  hydrology,  but  on  the  use  and  applications  of  militarv 
hvdrolot^v.  The  next  step  (Figure  I)  was  to  query  variinis  key  personnel 
involved  in  comnilinif  reports  <and  doctrine  relating  to  militarv  hvdrolovy. 

This  Information  was  then  consolidated  and  summarized. 

7.  Presentation.  Fikfiire  2  lists  each  document  reviewed,  aroupod  bv  five 

subject  cat  esror  i  es  :  oryan  i  zat  ton  ,  meteorolotfy ,  soil  moisture,  streanflow,  .and 
water  supplv.  These  reviews  are  summarized,  bv  subject,  in-  paratfranh  8. 

Paraizraph  b  outlines  the  POCs  avail.able,  by  subject,  in  the  militarv  liydroioev 
communitv.  Annex  .\  abstracts  the  military  hydroloqy  information  contained  in 
'ich  ar  •■■chnical  n>ihl  i  c.at  ion  reviewed  bv  FSC:  the  nape  nu'^ber  for 

eii'e  abstract  i,  s  listed  in  the  last  column  of  Fipure  2.  .Annex  B  is  a  complete 

hi  b  I  i  iipr  aphv  of  tlie  source  material  used  to  prepare  this  puid.e. 

8 .  Milit.arv  Hvdroloizy  Literature  Analysis. 

a.  Introduction.  Traditionally,  the  military  hvdrolopist  performs  ,a 
ranpe  of  tasks  rel.itinp  to  identifying  and  assessing  hydrolopic  systems  in  the 
environnerit ,  and  assisting  in  setuinp  up  and  manaping  water  supply  systems  in 
the  fi'^lj.  S pec i L i ca 1 1 V ,  the  terrain  analyst  is  responsible  for  collecting, 
compiling,  and  professi ona 1 1 v  evaluating  information  on  the  physical  cliarac- 
teristics  .ir  watersneds,  riv->r  ch.inn.!ls,  flood  plains,  and  water  control 
srructur->s.  \n  issistant  divisional  tengineer,  working  witla  the  division's 
U2/1  pi. inner,  will  in.alvzi'  hydrologic  data  to  appraise  the  streamflow 
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Figure  2  (Contlaued  on  Next  Page) 
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SUMMARY  OF  MILITARY  HYDROLOGY  LITERATURE 
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characteristics  that  may  affect  river  crossing  operations.  The  military 
hydrologist  will  also  be  called  on  to  estimate  the  extent  and  probable  hydrau¬ 
lic  effects  of  artificial  floods  that  might  be  created  by  the  demolition  of 
high  dams  or  by  the  manipulation  of  regulating  gates  or  control  structures. 
Most  recently,  the  Army's  emphasis  on  operations  in  arid  environments  has  made 
the  location,  extraction,  and  supply  of  water  important  Army  missions.  Since 
these  are  integrated  tasks,  they  would  most  likely  be  solved  by  a  team  of 
military  logisticians,  engineers,  and  planners.  Sorting  out  and  locating  the 
military  hydrologic  data  required  to  solve  these  tasks  can  be  difficult  even 
if  one  knows  where  to  look,  and  nearly  impossible  if  one  does  not  know  what 
sources  of  information  are  available. 

b.  Consolidated  wrap-up  of  military  hydrology  literature.  The 
following  paragraphs  summarize  the  information  available  about  the  military 
hydrology  categories  listed  in  Figure  2. 

(1)  Organizations.  The  requirements  of  the  AirLand  Battle  doc¬ 
trine  and  arid-environment  operational  contingency  plans  have  made  it  impor¬ 
tant  for  the  Army  to  delineate  its  water-related  responsibilities.  The  result 
has  been  a  number  of  documents  related  in  part  to  military  hydrology,  and 
which  define  Army  organizational  and  operational  procedures  in  the  field  of 
military  water  supply  and  support.  These  include  US  Training  and  Doctrine 
Command  (TRADOC)  pamphlets  (PAMs)  52S-11  and  525-12,  AR  700-116,  KM  5-100,  FM 
5-104,  and  KM  5-105.  Typical  water  supply  system  deployments  are  pictured  in 
TRADOC  PAM  525-11.  Water  requirements  are  outlined  and  established  by  both 
the  US  Army  Construction  Kngineer  Research  Laboratory  (CKRL)  and  WKS  publica¬ 
tions  and  by  TRADOC  PAM  525-11.  TRADOC  PAM  525-11  also  reflects  the  recent 
transfer  of  water  supply  proponency  to  the  logistics  branch.  Engineer 


missions  for  military  hydrology  are  defined  in  FM  5-104  and  FM  5-105. 
FM  5-1(14,  FM  5-105,  and  FM  5-146  establish  the  responsibilities  for  developing 
for  water  resources  data  bases.  The  terrain  teams'  responsibilities  with 
respect  to  military  hydrology  are  outlined  in  FM  5-105  and  FM  90-13;  these 
responsibilities  include  gathering  military  hydrologic  planning  data  for  gap 
and  river  crossings,  obstacles,  and  avenues  of  approach. 

(2)  Meteorology.  The  US  Army  does  not  maintain  any  significant 
capability  for  weather  data  gathering  and  dissemination.  Weather  support  to 
the  US  Army  is  provided  by  the  US  Air  Force  as  definec^  by  AR  115-10  and  AR 
115-12.  Tactical  meteorologic  applications  are  found  in  FM  6-15  and  FM  34-81. 

(3)  Soil  moisture.  Few  documents  detail  how  soldiers  can  obtain 
data  about  soil  moisture  content,  or  exnlain  how  to  use  the  soil  moisture  data 
included  in  hydrologic  models.  Most  doctrine  and  literature  focus  solely  on 
soil  moisture  as  it  relates  to  craf f icabl 1 i ty  and  cross-country  movement. 
Such  information  is  found  primarily  in  FM  30-10,  FM  21-33,  and  TM  5-330;  lit¬ 
tle  is  found  in  other  manuals.  However,  the  relation  of  soil  moisture  to 
runoff  (and  therefore  to  streamflow)  is  Important  to  the  military  hydrologist. 
Soil  moisture  also  plays  an  important  role  in  helping  to  locate  support 
facilities. 

(4)  Streamflow.  Hydrology  literature  on  streamflow  emphasizes 
training  terrain  analysts.  A  student  text  prepared  by  the  US  Army  Defense 
Mapping  School  (DMA)  and  two  technical  reports  prepared  by  F.Th  provide  a  "how 
to  approach  to  water  resources  analysis.  A  comprehensive  military  hydrology 
manual  outlining  and  consolidating  current  applications,  techniques,  and  tech¬ 
nology  has  not  been  produced,  although  Information  on  the  current  documenta¬ 
tion  of  mllitarv  hydrology  applications  can  be  found  in  FM  9D-13,  FM  5-104, 


FM  ‘5-105,  and  FM  21-33. 


Most  of  these  manuals  describe  how  to  determine 


stream  channel  characteristics  for  crossing  operations,  or  outline  the  role  of 
surface  drainage  features  as  obstacles  to  movement.  ETL  has  documented  water 
resources  data  base  specifications  and  information  in  Miscellaneous  Report 
(MP)  number  01-85.^  The  ETL  Terrain  Analysis  Center  (ETL-TAC)  is  the  primary 
DOD  proponent  for  military  water  resources  information.  ETL-TAC  operates  a 
water  resources  data  base  (WRDB),  as  well  as  managing  a  water  detection 
response  team  (WDRT).  The  resources  of  both  the  WRDB  and  WDRT  can  be  used  by 
all  the  armed  services. 

(5)  Water  supply.  Most  advances  in  doctrinal  documentation  and 
technological  modernization  have  been  in  the  area  of  water  supply.  The  need 
to  satisfy  potable  water  requirements  in  arid  environments  has  forced  the  Army 
to  seek  new  solutions.  New  water  supply  technology  for  the  Army  has  surfaced 
and  has  been  implemented  under  the  auspices  of  the  Water  Resource  Management 
Action  Group  (WRM.AG).  Water  source  detection  has  been  enhanced  by  advances  in 
research  conducted  by  and  the  Fort  Belvoir  Research  and  Development  Center 
(BRAUC).  ETL-TAC  has  formed  a  water  resources  data  team.  Water  purification 
capabilities  have  been  greatly  enhanced  by  the  introduction  of  various  Reverse 
Osmosis  Water  Purification  Units  (ROWPU);  TRADOC  PAMs  525-11  and  525-32  both 
contain  ROWPU  information.  Water  distribution  has  been  improved  by  new 
bladders  and  Tactical  Water  Distribution  Systems  (TWDS). 

9.  Military  Hydrology  Points  of  Contact.  The  real  measure  of  the 
military  hydrologist's  success  in  obtaining  data  is  whether  he  or  she  knows 
where  to  look  or  who  to  ask.  ESC  put  together  a  library  of  POCs  on  military 

^IJser  Requirements  Analysts  for  Worldwide  Water  Resource  Data  Base,  ETL- 
MR-i)185  (US  Army  Engineer  Topographic  Laboratories  (ETL),  January  1985). 
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hydrology  Eroin  sources  listed  in  AR  115-21  and  recent  WRMAG  meeting  minutes. 


This  library  is  organized  into  five  categories:  functional  res  pons ibi 1 i t v , 
research  and  development,  training,  operations,  and  data  collection  and 
analysis . 

a.  Functional  responsibility.  The  Joint  Chiefs  of  Staff  have 
assigned  the  Chief  of  Staff  of  the  US  Army  responsibility  for  military  hydrol¬ 
ogy  for  the  US  armed  forces.^  In  turn,  the  Army  Chief  of  Staff  has  made  the 
Chief  of  Engineers  (COE)  responsible  for  performing  the  functions  and  activi¬ 
ties  of  military  hydrology.  The  Assistant  Chief  of  Engineers  (ACE),  Military 
Engineering  and  Topography  Branch,  has  the  enginee'  staff  responsibility  for 
monitoring  military  hydrology  activities.  Figure  3  shows  these  relationships 
and  responsible  agents. 

b.  Research  and  development.  The  COE  (through  the  ACE)  provides  the 
RuD  required  to  improve  the  military  hydrologic  capabilltes  of  the  armed  for¬ 
ces.  Various  US  Army  Corps  of  Engineers  R&D  labs  research,  test,  and  develop 
technology  to  improve  the  military  hydrology  capabiliity  of  the  US  Army.  The 
US  Army  Cold  Regions  Research  Engineering  Laboratory  (CRREL)  solves  the 
special  problems  of  military  hydrology  in  cold  regions.  CERL  solves  problems 
of  water  treatment,  storage,  supply,  and  facility  construction  in  fixed 
installations.  liTES  is  charged  with  R&D  in  the  areas  of  hydraulics,  hydraulic 
prediction  and  forecasting  models,  and  flood  assessment.  WES  also  tests  and 
evaluates  commercially  available  hardware  items  that  maintain  and  improve  the 
effectiveness  of  well  drilling  teams  and  terrain  teams.  Although  not  tasked 
(.ilrecCly  with  military  hydrology  engineering,  the  US  Army  Hydrologic  Engineer¬ 
ing  Cent'-r  niKC)  ran  do  hydrologic  modeling.  Figure  3  lists  responsible  R&D 
1  ibor  It  orii's  and  their  respective  centers,  divisioits,  systems,  and  teams. 

lit  irv  dvdrologv,  AR  M5-21  (DA  HO,  197  7'' 

1  3 
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c.  Trainini;.  The  Command  inn;  Coneral  of  TRADOC  is  resoo-is  i  h  Le  *'  r 
validaCinsT  the  requirements  for  improved  military  hvdrol(>,;ic  a  inahi  1  i  t  ies  for 
the  Army,  for  establishing  doctrine,  and  for  training  Army  personnel  to  per¬ 
form  these  functions.^  Currently,  the  Defense  Mapping  School  ( UMS ) ,  tiirough 
its  terrain  analysis  courses,  trains  enlisted  personnel  and  provides  doctrinal 
instruction  to  members  of  the  armed  forces.  The  US  Army  Kngineer  School 
(USAES)  also  plays  an  important  role  by  training  officer  personnel  and  by 
developing  military  hydrology  doctrine.  Three  branches  within  USAES  are 
charged  with  military  hydrology  responsibilities.  The  USAES  Directorate  of 
Combat  Developments  (DCD)  is  involved  with  conceptual  development  of  equip¬ 
ment;  c!ie  USAES  Directorate  of  Training  Developments  (DOTD)  writes  doctrine 
for  the  application  and  use  of  that  equipment.  The  USAES  Department  of 
Militarv  Engineering  ( DME )  directs  instruction  and  supervises  the  occasional 
compilation  of  field  manuals  which  may  affect  military  hydrology.  Figure  4 
shows  the  structural  relationship  of  various  training  elements  involved. 

d.  Operations.  The  Commanding  General  of  the  US  Army  Forces  Command 
(FORSCOM)  is  responsible  for  the  readiness  of  Army  engineer  units  to  perform 
military  hydrologic  functions  in  operational  situations.^  FORSCOM  trains 
terrain  teams  in  the  technical  aspects  of  military  hydrology  and  In  various 
levels  of  hydrologic  collection  and  application.  These  teams  are  located  at 
theater-armv  level  (TOE  5-336),  corps  level  (TOE  5-540IJ)  and  division  level 
(TOE  5-54)IK).  The  theater  army  team  is  in  general  support;  teams  assigned  to 
corps  and  ilivision  are  direct  support  teams.  US  Army  engineer  officers  in  the 
assisrant  divisional  engineer's  office,  as  well  as  personnel  In  the  assistant 

'Militarv  Hvdrolo^,  AR  115-21  (DA  IIQ,  1977). 
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shows  cvpicaL  terrain  te.irn  ,ind  eiivineer  start  sopporr  i  :i  SAiod''-: . 

e.  Data  collection  .and  .an.alysis.  Th.e  coH  is  re  s  p.on  s  i  b  1  for  col¬ 
lecting  .and  analvTintt  hvdrolovic  dic.i  im!  !  i  s  se  t  i  ri  >  r  i  ti  i  r'nc  hvd  ro  I  .lei 
information  required  by  the  I'S  armed  f.irces.  Tiie  'inK  h  >s  i''!._oMted  this 
responsibility  to  the  W.iter  Resources  Support  Tc'.tt  ''WKST)  or  '-'.Th-lWC.  T.\C 
maintains  water  resources  dat-a  base  .as  .1  joint  irmeci  st^rvice  r.'source  in 
CDNl’S.  Fiqure  3  shows  the  relationships  imony  Kn.,  ind  '.v'RST  within  the 

"S  \rmv  C.irns  of  Knyineers.  Data  collection  ,ind  inalvsis  ire  io''e  in  the 
'i'ld  chrouyh  terrain  teams. 

ID.  Observation^. 

a.  Thf're  is  no  sinyle  consolidated  FM  or  TM  thi'  di'line.ates  and 

's  ill  .isn<7cts  of  military  hydrology.  There  also  is  no  real  "how  to" 

inual.  Tire  list  substantial  effort  to  consolidate  milltirv  h.  vd  ro  1  o.;y  w.as  a 
•  1 1  I  i.T  t  i  on  of  bulletins  published  by  the  1,'S  .Army  Corps  of  Fn  .ti  neers  in  th<“ 

:  1 1  1  o  ■  '  s . 

b.  The  .\rmy  lias  begun  Co  develop  doctrine  for  water  supply  opera¬ 

tions,  outlining  both  responsibilities  and  equipment  use,  especially  for  arid 
environments.  c’.S.AES,  the  US  .Army  Quartermaster  School  (L'S.AOMS),  and  the  nq 

Armv  fciyistlcs  Center  (L'S.ALOGC)  will  update  and  rewrite  outdated  and  needed 

.iictrino.  i'riis  is  being  done  under  the  .luspices  or  tlie  '.vKM.AC. 

c.  T.R.ADOC  P.AMs  S25-11  and  525-32  document  pot.able  w.iCer  requirements 
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d.  The  best  source  for  site-specific  mlHtriry  hydrologic  data  is 
either  the  terrain  team  located  in  the  area  of  operations,  or  the  WROB  main¬ 
tained  by  ETL-TAC.  Personnel  in  the  Knvironmental  Systems  Division  at  WES  are 
the  best  source  of  information  about  new  developments  in  the  field  of  militarv 
hydrology.  In  addition  to  publishing  a  series  of  reports  on  military  hydrol¬ 
ogy,  WES  also  maintains  a  resident  military  hydrologist. 
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Purpose 

A-1 

2 

Scope 

A-1 

1.  Purpose .  This  annex  reviews  and  summarizes  individual  documents  that 
pertain  to  the  field  of  military  hydrology. 

2.  Scope .  The  document  review  timeframe  is  1970-1986.  A  few  documents 
published  prior  to  that  time  period  are  included.  FMs ,  TMs ,  TBs,  and  other 
published  reports  and  literature  are  Included.  The  document  review  is  limited 
to  unclassified  documents  and  documents  to  that  are  currently  published.  Some 
document  summaries  have  been  incorporated  from  previous  WES  military  hydrology 
reports.  Literature  and  doctrine  in  draft  or  review  form  are  not  included. 


AR  115-lO/AFR  105-3 

MeteoroLoi^lcal  Support  for  the?  US  Army 
September  1980 

Purpose 

This  regulation  provides  policy  and  direction  to  Army  and  Air  Force  ele¬ 
ments  engaged  in  meteorological  support  of  the  Armv. 

Sur.mary 

This  revision  updates  Army  weather  and  other  meteorological  support 
requirements.  It  clarifies  Army  and  Air  Force  responsibilities  for  providing 
meteorological  support  to  the  Army,  the  functions  and  relationships  of  the 
Staff  Wentlier  Office  and  Army  Intelligence  Officer,  responsibilities  for  pro¬ 
viding  communications  for  acquisition  and  dissemination  of  weather  informa¬ 
tion,  and  related  administrative  and  logistical  support. 
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Purpose 


This  re>;uLaCion  describes  policy  and  procedures  Co  be  followed  by  Army 
commanders  in  requestinic  weather  service  support.  This  support  is  further 
described  in  AR  115-10/Air  Force  Regulation  (AFR)  lOS-l  and  FM 
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This  reyulacion  outlines  the  procedures  for  preparirut  I'S  Army  require- 
■'.eats  f  >r  veather  service  support  and  the  submission  I'f  these  renni  reme  - 1 
rhr>ii'h  c'linnels  to  the  Department  of  the  Armv  and,  theruu',  rn  the  Departnent 
of  the  Air  Force  in  accordance  with  AR  115-10/AFR  105-3.  Army  me terolog i ca I 
siipp  irt  reqii  i  remencs ,  such  as  meteorological  observations  for  direct  support 


loops  s’.'stems  rid  -le t eo ro  I o i  c a  1  support 


se  ito’h  ,  deve  lop- 


nc  ,  test  and  evaluation  activities,  ire  not  ad.dressi.'d  bv  this  requlition. 


flL.  fcA  1 1  y. ,1 


.mA  .iHli 


AR  11^-21/AKR 
Milit.irv  Hv'lrolot'.y 
Mav  1977 

Purpose 

This  rer^uLation  defines  the  scope  of  militarv  hvdrolo'^y  and  assiipis 
res  pons  i  bi  L  i  t  V  '•'or  providinit  hydrologic  information  to  the  I'S  armed  torces. 

Summar V 

This  reeuLation  assigns  the  Chief  of  Staff,  L'S  Armv,  the  res  pons  i  bi  1  i  t  v 
for  military  hyclrolotty  for  the  I'S  armed  forces  bv  authoritv  of  the  Joint 

"aiofs  of  Stiff.  Tlie  Chief  of  Staff,  US  Armv,  has  issipivni  to  the  (ihief  ot 

'•'.n i  :ieiT  s  (C('K1  respons  i  bi  1  i  t  v  for  performinit  -the  functions  and  activities 

which  are  divided  into  two  parts:  those  dealirn;  with  research  and  development 
and.  those  dealintt  with  support  of  opi^rational  elements. 

\I1  rest'irch  ind  'evelopment  activities  r  -!  it  in'  t-'  ■•lilitirv  hviroloitv 
ire  ri'spons  i  bi  1  i  t  V  of  the  Ci'K.  In  the  Conti’iental  United  States  (CONUS) 

and  other  territories  of  the  llnited  States,  the  COK  is  responsible  for  pruvid- 
init  military  hydroloitv  services  and  fieicrions  rt'uuired  tor  direct  support  ot 
operation.al  ■,  lements.  In  thiuaters  of  operation  nui  overseas  commi'ids,  terrai-i 
in  1 1  vs  i  s  e  1  e  m.Mi  t  s  o  t  \  r -m  v  tores  are  r  es  r>on  s  i  b  !  e  tor  nr  o\’  i  d  i  n  e  m  i  1  i  r  a  r  '• 

hvdroloitic  Information  to  all  deploved  units.  Where  no  terrain  analysis 

eli’ments  are  present  or  iviil  ihUe,  stall  ench’ieers  ar.’  issi  tned.  this 


re  s  non  s  i  b  i  1  i  t  v  . 


AK  ;iU)-l  ih 

Lind  ILisivI  Water  Resourres  Manaiiement  in  Con  C  i  iii'cnr  v  Operationn 

I  .Vovenber  l‘^84 


I’lir  pnse 


AR  "  >i1-l  jh  sots  poLicv  and  prorediiros  tor  water  rosoiircos  manastoment  in 
support  ot  I'ont  ins^onc  y  operations.  It  defines  the  Armv's  role  in  iolnt  con- 
tiiiitoncv  operations  and  ou''lines  responsibilities  for  water  suppi^rt. 


oiinnar  V 


This  roaulation  assiitns  land  based  water  resourci's  ;aana.t('ment  resnonsi- 
i  1  i  t  V  to  ippropriato  Arnv  propiinent  s .  'i'he  poputv  Lin'et  of  Staff  for  lai'tis- 
tios  (PSCI.OL’,'),  the  Doputv  Thief  of  Staff  tor  Operations  i 'MLSi  )PS  >  ,  the  Surseon 
^•■neral  iTST),  .iiid  the'  TOK  all  shari'  I'ommon  responsibility  for  carrying  out 
tl'.e  Wit.r  sup!ilv  -lission.  This  r'.'yulation  sapersi’des  AR  I  1  I’i'ield  Water 

■  ;  o  ;i ,  .  "his  r"  VI I  1  c  i  .'n  .i  a  of  app  !  v  *  >  '  i  i  ;  n  s  t  i  I  1  1 1  i  >  ■  i  ,  s-  i  r  •  r  su  pi'o  i-  ’ 

iporiri  '’IS,  or  .'I'.’il  works  one  r  oi'iu' v  virer  aana'.'em.,>n  t  . 


/■ w 


^  ^  JV. 


FC  S-S45 
Geo lo^v 
April  l‘)86 


Purpose 

The  purpose  of  this  manual  is  to  relate  the  science  of  ‘.'.eolocv  to  mili¬ 
tary  enttineorin^ .  It  is  to  be  used  for  both  reference  and  traininit.  The  man¬ 
ual  is  not  intended  to  make  geoloi^ists  out  of  military  engineers,  but  rather 
to  present  some  of  the  geoloitic  principles  required  for  the  correct  solutions 
of  many  military  engineering  problems. 

Summary 

This  manual  Includes  a  survey  of  basic  vrooloyic  materials,  features,  and 
processes.  It  further  describes  the  j^eologic  factors  that  affect  the  proper¬ 
ties  and  occurrence  of  natural  construction  materials;  the  construction  of 
dims,  tunnels,  roads,  airfields,  and  bridges;  the  location  oi  water  supplies, 
and  terrain  evaluation.  Chapter  5,  "Groundwater,”  treats  several  aspects  of 
how  groundwater  relates  to  water  supply. 


FM  S-  <!' 

■  i:^iniM’r  f nt'- 1  1  i  u-'U-c 
SeptembtT  l‘)n7 

I’lir  Piis,' 

!'‘i!s  "li'ni.il  is  1  cninin^;  tPxt.  ia,l  .'.'n.-ril  r.- r  ranr.,'  ior  iLl  personnel 
' '  1  n  t  ‘  r  !i  I '  il  '..’it!;  t'ni' i  iieer  i  n  t  1  1  i  neni'e  ,  Ir  serves  is  i  euiie  for  conm.inriers  and 
rheir  Stitts  in  iinderst  nndi  ut  the  purpose  and  seone  of  t'npiaeer  i  n  t  e  L 1  i  ttence 
n'  i  ’.ow  '  ne  e-i  e  i  r  s  iv  he  utili.^ed  to  ■■'eet  their  i  n  t  e  !  1  i  oe  ;k-,>  r  I'lni  i  remen  t  s  . 

sun;’i.i  r  V 

■  ■  '  .  -  : It  I  )■'.  ;  • 'li  ;  -iinuil  '.eiis  jirh  t';e  md  role  of  cn.t^i- 

;  1  i  ■  n ;  n  f  n,.  sine  >  •  t  tie  interior  in  d  in  the  t  he  n  t  e  r  of 
o;i--r  It  1  ons ,  In  Cli.int’r  'd  ,  p.utes  '.';,t-ious  tonocir  nphic  and  i  n  Ce  L I  Lirence 

t  e-'s  ire  listei  ind  :.•sorthed  in  r-'s  of  ..nmab  i  1  i  t  y ,  basis  of  allocation, 
-'t  e"!.:!,  ind  nobi  ,  I  .  liese  t'.'rns  '.ave  been  reortanized  under  table  of 
’  r in  i  na  1 1  on  ,ind  ecuuenent  (TOK)  o-nea.  The  new  TOE  and  a  liisciission  of  mis¬ 
sion  and  control  is  presented  in  FM  5-leh,  En.tineer  Topo'.;raphi c  Units,  chapter 

3.  In  na  r  t  i  c  11 1  a  r  ,  I'e  en  MilLtarv  iiydro  i  opy  ,  is  no  loniter  in  existence. 

The  milit.irv  hv.lroloyv  capabilitv  now  is  the  responsibi  1  i  t  v  of  the  terrain 
t'  ’."s  IS  sot  '  'rth  in  "i"  ^-ddh.  Toy  t  i  ,u  i  -y  u,-  t  ■' 


FM  5-35 

Engineer's  Reference  and  Logistical  Data 
April  197  1 


purpose 

This  manual  is  intended  to  provide  engineers  and  other  military  personnel 
with  a  compilation  of  data  for  use  in  the  planning  of  engineer  activities. 


Summarv 


This  FM  includes  data  pertaining  to  engineer  troops,  equipment,  construc¬ 
tion  materials,  and  to  all  types  of  engineer  troop  tasks,  to  include  use  of 
soils,  construction  of  drainageways ,  roads,  railroads,  bridges,  ports,  air¬ 
fields,  and  heliports.  Petroleum,  oil,  and  lubricant  (POL)  distribution,  bar¬ 
rier  .md  denial  operations,  fortifications,  protective  structures,  camouflage, 
general  cons t rue t ion ,  and  mapping  services  are  also  covered.  On  page  13-1, 
:  ■■  I'ln  il  uiilr  'sses  water  supply  and  list  ribution .  Although  the  vati.'r 

resourc-'s  ;-iLssion  has  bt'on  transfered  to  the  logistics  branch,  a  section  on 
•water  sources  is  included.  A  small  section  that  relates  to  hydrology  is 


listed  as  water  supply  on  page  18-12. 


Kiu;  i r  Opcrar  i  <w; 

Mav  1^84 

Piir  |iosi' 

FM  i,s  the  Army's  kevstone  liow-to-t  i  i^hc  manual  fur  crimhat  i-n  nee  r  s . 

FM  n-!''iA  presents  basic  doctrin.e.  It  implements  tlie  AirLand  b.ittl.e  doctrine 
described  in  FM  inO-b,  which  sets  forth  the  concepts  for  winnintt  the  battles 
and  campaigns  in  modern  warfare. 


Summar V 


r!io  information  in  this  manual  spiides  the  use  of  eneine.'rs  in  a  the  iter 
if  operations.  It  addresses  how  units  are  assigned  and  employed  in  combat 
cone  and  communications  zone  operations  that  affect  forward  areas.  FM 
is  int  'tided  for  commanders ,  staffs,  and  trainers  at  all  levels.  ket'erences  to 
■■LliL.u".’  n.'Jrilo^v  ire  ftiuiui  predominately  untler  tlie  toputripiiic  c  n  ,1  i  net' r  i  n  ’ 
ind  tenoral  enaineerinst  sections.  Specifically,  ni.tes  I')-'},  11-S,  uid  A-7  1 

address  the  mission  and  orttan  i  zat  ional  aspects  of  conducting  entrinoer-re  1  ated 


water  tasks  under  desert  and  continviencv  operations. 


FM  =)-l')4 

Ct'nenL  Enf^ineerin^  (Draft) 
April  IDH") 


Purpose 

This  -nanual  provides  the  doctrinal  basis  for  the  planning  and  execution 
of  general  enit  ineerinst  tasks  in  the  Cheater  of  operations.  Cenoral  en^i- 
neerinst  is  described  as  those  Casks  which  do  not  directly  contribute  to  the 
nobilicv,  counte  .'nobi  1  i  ty ,  or  survivability  of  conmicti'd  manuover  elements. 


Sumrna  rv 


FM  is  a  doctrinal  manual  discussing  the  followinsi  general  enyi- 

1  e  r  i y  functional  areas:  lines  of  communication,  construction  and  renair, 

establishment  and  maintenance  of  installations,  logistics  facilities  support, 
construction  materials,  and  other  related  missions.  This  FM  is  part  of  a  yiew 
series  oi  ..uiyiiu'er  (ioccrine.  Chapter  12  is  devoted  to  water  siipplv.  This 
chapter  specifically  defines  the  water  supply  missions  the  enstineer  maintains, 
and  the  integration  of  those  Casks  into  the  total  water  supplv  mission. 
Spec  i  f  i  ca  1  ly ,  seven  major  engineer  responsibilities  are  delinec.ted  with 
reyards  to  water  sunply  operations;  four  pertain  dlrectlv  to  militarv 
h.virol  lyv.  Tlu'se  are  reconnaissance,  identification  and  compilation  of  data 
P'' r  c  a  i  n  i  n to  surface  water  sources,  compilation  of  data  using  existing 
information  to  establish  recommended  we  1 1 -dr i 1 1 i ng  sites  to  obtain  sub-surface 
water,  and  well  ilrilling. 


FM  5-|i)S 

'■'.'poijr.'iphi  i’  Ope r .1 1  i  ons  (I’lrir  '.  'i 

1985 


Purpose 


This  -nanual  sets  forth  the  f undament.il  doctrine  rm;  irdinit:  tiipopr  iphic 
?nv;  ineer  imt  support  to  the  Army. 


Sumnurv 


This  m.-munl  describes  Che  role  of  topotcraphic  engineers  in  the  Airl.and 
hittle  irena,  and  the  support  chat  they  will  be  exp*’cti’d  t*)  r'Mider.  Topo- 
;r ’.nc.i  :  ■‘nyineer  functions  .tnd  products  are  placed  into  th.re-.’  cateyoru's; 
t’‘rrain  analvsis,  tonoyraphi  c  production,  and  map  d  i  s  C  r  i  h'a  t  i  on  ind  storage. 
Topoyriphic  )peratio:is  are  described  from  peacetime  and  wartime  scenarios, 
t'.c  -Mnay. ‘neat  ind  factors  affecciny  those  operations.  Topoyra()hic 
■  11 , 1 1  1  la  uui  ■ ’'lu  i.  p.a>‘n  t  is  d,iscussed.  i'he  i.ev  to  ■n..i.tar'.'  a;.'d  r  o  L  i  ly  i  c 

inf^r-’acion  in  the  field  is  the  terrain  analvst.  Obtaini-iy  and  ciillecCiny 
data  on  hydroloyic  information,  as  well  as  processing  and  updating  data  bases 
■.■ontaininy  tiiat  information,  is  the  responsibility  of  the  terrain  analvst. 
The  terrain  analvst  utilizes  this  Information  to  acruratelv  portnv  military 
isrv'crs  jf  terrain  innut  to  the  Intelligence  Preparation  of  the’  iia  c  t  1  e  r  i  t' 1  li 
flPB)  proru,-ss.  Obstacles,  key  terrain,  and  avenues  of  approach  analvsis  all 
utilize  aiiitarv  hvdrologic  information. 


FM  5-146 

Engineer  Topogrnphic  Units 
September  1979 


Purpose 


This  manual  presents  dortrine  and  guidance  on  the  mission,  organization, 
capabilities,  and  employment  of  engineer  topographic  units.  It  is  designed  to 
guide  staff  officers  and  unit  commanders  responsible  for  directing  and  con¬ 
ducting  topographic  operations  .  ad  training. 

Summary 


In  Figure  1-1,  page  1-2,  terrain  teams  are  shown  as  being  placed  at 
echelon  above  corps  (EAC)  or  theater  army,  corps,  and  division  levels.  The 
theater  army  team  is  part  of  the  headquarters  and  headquarters  company  (HHC) 
of  the  engineer  topographic  battalion  (TOE  5-336);  the  corps  terrain  team  is 
jepjLMteiy  organized  under  TOE  5-540  IJ.  One  terrain  team,  TOE  5-54  )  IK,  is 
assigned  per  division.  Specific  duties  pertaining  to  military  hydrology  are 


covered  on  pages  3-8  and  3-9.  These  duties  include  the  collection  of  data  via 
the  hydrologic  survey  set  and  the  interpretation  and  analysis  of  these  data. 


KM  ')-lnn/\FR  H‘5-2  3 
IVell  Orillinf^  Opi^r.itions 
June  1975 


Pur nose 

The  purpose  of  this  manual  is  Co  serve  as  an  introJurcory  text  (in  ^round- 
vater  usa^e  and  water  wel L-dr i I linjt  operations.  It  is  primarily  intended  for 
military  personnel  responsible  for  developing  groundwater  as  a  water  source  in 
Clio  field,  but  it  may  also  be  used  for  guidance  in  drillinst  water  wells  for 
permanent  military  installations.  Auxiliary  uses  of  water  we  1 1-dr i 1 li ns: 
equipment,  such  as  providing  geologic  or  soil  data,  are  also  covered.  This 
manual  mav  be  used  as  a  text  for  training  personnel  in  rroundwatt'r  'isage, 
water  we  1 1 -d  r  i  1 1  i  ng  onerations,  and  related  uses-of  the  associatfjd  e'luinnent. 

Summary 

Ih-'  ".ost  important  aspects  of  groundwater,  including  its  oritin,  incur¬ 
rence,  quality,  and  exploration  are  covered  in  this  man\ial.  Well  construction 
methods  most  frequently  used  by  military  organizations  (the  rotary  and  down¬ 
hole  techniques)  are  covered,  and  miscellaneous  methods  are  presented  for  usi“ 
when  standard  military  well-drilling  equipment  is  not  available.  Several 
types  or  ,>(piipment  and  mothods  normal!'--  used  on  1  v  in  civil  practice  but  whioh 
may  in  certain  situations  be  adopted  for  milltarv  use  are  also  described.  The 
techniques  of  completing,  developing,  and  testitig  wells  after  the  hole  has 
been  drilli'd  are  pr(>sented.  Arctic  well  construction  and  its  unique  problems 
ari‘  discussed,  and  the  auxiliarv  uses  of  we  1 1 -d r i 1 1 i ng  equipment  for  rock  and 
soil  sampling  .ir<'  rov.’red.  The  diffi>rent  tvpes  of  pumps  that  are  ustnl  to  lift 
wat’T  t  rom  inside  i  well  to  tlie  surt.u'e  are  also  di'scribed. 


FH  5-335 
Dr, linage 
December  1985 


Purpose 


The  purpose  of  this  field  manual  is  to  provide  information  and  Guidance 
necessary  for  engineers  responsible  for  planning,  designing,  and  constructing 
drain.ige  facilities  in  the  theater  of  operation.  The  manual  was  developed  for 
militarv  forces  in  the  field  and  emphasizes  useful  methods  for  field  opera¬ 
tions. 


Sunmarv 

■Mthonnh  this  manual  was  designed  to  provide  information  required  to 
desi.,;n  adequate  drainage  systems.  Chapters  2  and  8  of  the  11  chapters  are  of 
interest  to  the  military  hydrologist.  Chapter  2,  "Drainage  Hydrology,"  intro- 
iuces  t!'.e  nvJrologic  cvcle  and  the  basic  principles  of  storms  and  their 
related  rainfill  and  runoff.  Additionally,  procedures  for  determining  storm 
frequencies  and  duration  are  treated.  A  section  on  hydrographs  and  an 
explanation  of  their  basic  elements  (baseflow,  lag  times,  peak  flow)  is 
provided.  Chapter  8,  "Subsurface  Water,"  presents  an  introductory  guide  to 
standards  for  constructing  subsurface  drainage  facilities.  The  principles  of 
locating  subsurface  water,  flow  of  water,  and  the  effects  of  subsurface  water 


are  of  primary  interest. 


FM  h-|5 

Fit'ld  Artillery  Meteroloyv 
August  1978 


Purpose 


This  nanual  addresses  the  meteorolojiical  requirements  of  the  field  artil¬ 


lery. 


I  r  V 

This  manual  rovers  all  the  tasks  require(j  to  select  a  meteoroloqical 
stati,:'^  site  and  to  prepare  and  deliver  artillev  me t eoro lo»';l ca  1  messa^^es. 

T'".;  -  1"  T'l  ites  an  1  V  i  p.d  i  r-' t v  te  '-i  1  i  t  irv  ’ivir'!  e'v  pr'.)biems.  Ch.-Oter  3 

liscnsses  me  t  eora  1  (ivy .  An  artillery  met  eara  i  j  .■  1 1  section  is  assiqnod  to 

each  artillery  brti^ade  operatinit  indep(Mid..‘iH  I  v .  K.ich  netitoroloftical  section 
consists  of  11  noople  trsined  in  some  ot  the  fundamentals  of  weather 

o’nse  rva  c  L  an .  If  -e  teoro  l.-u;  i  c  1 1  sections  ver.'  :  '.’uir  !  ■  dniia  riinfall 

measurements  in  addition  to  other  duties,  these  riintall  measurements  would  be 
of  value  to  the  hydrologists;  however,  the  problem  of  communication  of  these 


data  is  a  factor  to  consider. 


V 


FM  10-51-1 

Commanders  Handbook  for  Water  Usage  in  Desert  Operations 

May  1983 

purpose 


This  handbook  explains  the  importance  of  water  in  desert  operations.  The 
handbook  is  designed  for  the  unit  commander. 

Summarv 

The  handbook  gives  specific  guidance  on  water  supply  planning,  protecting 
the  water  supply,  and  surviving  under  emergency  conditions  in  a  desert.  In 
addition,  this  handbook  contains  basic  data  on  various  pieces  of  water-related 
equipment.  This  pocket-sized  handbook  offers  some  basic  common  sense  informa¬ 


tion  on  water  usage. 


FM 

Fi-’lil  W.it.'r  Supplv 
Ffbru.irv  IPHb 

Purpose 

The  purpose  ot  this  manu.il  is  to  provide  personnel  with  a  ri'ference  for 
field  water  supplv  in  rotabat  operations  and  tr.iininji  exereises,  whi>re  water  is 
treated  and  supplied  hv  mobile  equipment.  It  is  also  a  reference  for  Armv 
medical  personnel  who  i’isp.'ct  and  improve  water  sources  and  treated  water. 

Summary 

T'-  ■  ■,v->’'s  wuer  quality,  water  sou^<'o^^  no-vaon  water  treatment 

nr  one  s  ■  s  ,  or  Moodur-os  t  f^r  reconnoi  t  er  inq  and  setting  un  wate’r  points.  It 

presents  proceihires  for  taperatinsf  w.ater  purification  points  and  supply  points. 
It  also  dismisses  General  support  distribution  systems  and  env i ronnenta 1 
intl'iences  on  witer  suppr.'  op..*rat  ions .  riie  latter  include  special  procedures 
tor  irccic,  tropic,  ind  arid  battlefields,  and  for  activi'ly  contaminated  por¬ 
tions  of  the  intevr-ated  battlefield.  Chapter  2,  "Raw  Water  Supplies,"  and 
Chapter  ],  "Water  Reconna  i  ssance , "  contain  d.ita  that  may  be  inter  mt  to  the 
military  h vd ro  loq i s t . 


A-1  7 


FM  2  1- in 

F  i  t“  1 .1  Hv:’it>ne  md  'i.initTtion 
lulv  1970 


Pur DdSP 


This  manual  provides  intorniation 
lishod,  practical  measures  designed  to 
the  Armv  and  Air  Force. 


and  instruction  in  tlie  use  of  estab- 
preserve  health  and  prevent  disease  in 


Sumna  r  v 

Ihis  manual  ■‘xnliins  the  fundamentals  of  sanitition  and  rlieir  a  pp  1  i  c  a  i:  i  i  m 
f  i  1  !  coniitians.  it  paints  out  t  re  spo-t  s  i  S  i  1  i  t  i  es  oi  .'"-mini  ind  'O 
the  '  i  i  ■■■  i  1  n  a !  sol.ii'i-  tor  knowing  and  obsi>rvin<f  the  rulos  of  sintitatian  and 
hvpiene,  -.'specially  is  thev  applv  to  livint;  i-onditions  and  to  c  i  rcumstances 
p-'culiar  ti)  th('  military  s..>rvice.  Chapter  4,  "Field  Water  Supply,"  deals  with 
the  procurement  and  treatment  of  water  from  surfac*',  ari'uind,  and  other  wat-ar 
source's.  It  outlines  the  sanitarv  cons  i  d-’ ra  t  i  ons  that  should  We  w-'ichei  when 
selecting  v'arions  water  sources. 


A  - 1  a 


'P'jjrinn  1 .Mippor' 
Septi'mbtT  19  7'J 


Purpose 


This  -Ti-itui.-ii  sets  forth  the  f  uiih  imeot-Tl  doctrine  retviriin;;  t  iipoi' r  iph  i  c 
oi'port  to  the  Ar-v.  It  provides  the  topoi^rapti  i  c  spt'cialist,  as  well  as  thi' 
iinnort  unit  or  individual  user,  with  the  obiectives  of  tonoijraphic  support, 
hit  it  consists  of,  and  how  it  is  carried  out. 


suana  r  v 


■' i  'ir'  7-7,  ■■'ice  ,  t'-.e  ■'!  1,-onent  ■>:  tormi  r’l-as  within  thi' 

■•'i!  "  o  no  ’  ra  nil  i  coia-nunitv  is  shown. 

■hi  na.:o  4-8,  Fivure  s-2,  the  position  of  the  terrain  teams  with  the 

'•i.iimeer  t  onop  r  .i  pti  i  o  battalion  (KIH)  is  shown. 

\ccoriinc  to  i  ■' t  orm.at  ion  pr-->setite.l  in  paih'  4-in,  the  headquarters  and 

1“  id'Piarters  i-iirapanv  (HUil)  of  tlu>  bi'B  contains  one  terrain  team  available  for 
theater  >:eneral  support.  One  corps  terrain  team  is  assigned  to  the  battalion 
t'lr  ■  i.h  support  corps  in  direct  support  of  the  corps.  Also,  a  division  ter¬ 
rain  team  will  be  in  direct  support  of  each  iivision  and  assigned  to  the 

■  1  r  '  a  !  ■  '  r  ns  t  *'  r  r  a  i  n  1 1'  im  . 


FM  21-33 

Terr  nin  Ann  1  vs  i  s 
Ma  V  1978 

Purposo 

This  "lanual  is  intended  to  assist  in  identifvin.t  the  diiti.'s  ot  the  ter¬ 
rain  analyst  and  to  serve  as  a  reference. 

Sumina  rv 


The  manual  wrs  written  for  an  enlisted  terrain  analvst  and  is  used  as 
p'.rt  of  the  terrain  analyst  course  for  enlisted  grades  '  t  )  V.l . 

I'orr’.in  !nal'’sis  is  'iroc-'ss  of  analvaine  i  p'oer  in'M.-  il  ; ri' i  '  ' 

ietermini'  t'ne  effect  of  natural  and  manmade  feature’s  on  military  op. ’rations. 
This  manual  describes  the  procedures  to  be  followed  by  the  terrain  analyst 
LnciudinEt  data  coll  -'tion,  management,  and  use  of  data  files,  analysis  of 
t. 'train  factors,  preparation  of  special  purpose  maps,  and  preparation  and 
distribution  of  terrain  studies.  Ciiapter  2  "Collect  iiata,"  includes  discus¬ 
sions  of  kinds  of  data  and  where  they  can  be  obtained. 

Chapter  5,  "Analysis  of  Terrain  Factors,"  includes  the  bulk  of  the 
material  in  this  manual  of  interest  to  the  military  hydrologist.  It  is 
divided  into  seven  sections,  of  which  two  are  useful:  (1)  Prepare  Climatic 

S'lmmaries  and  (2)  Analyze  Drainage  Features.  The  primary  intelligence 
products  developed  under  the  guidelines  of  sections  (1)  and  (2)  are  map 
overl  ivs  and  supportin-g  data  files  for  each  of  the  six  topics.  These  are 


urvi's 


of  inf  orm.tl  i  on  th  it 


oan 


he  used  for  militarv  hydrology  i  isk 


FM 

^ti  1  i  :  irv  'ii’iv.'r.iphiL'  f  nto  I  1  i-u'ncp  (Terrain  ) 
March  !972 


Purpose 

FM  Ui-1  '  is  intoahcii  to  servo  as  a  puicio  to  the  prop.iration  of  pi^oifraphir 
intolliponco  products.  As  suclr,  it  dosoribes  aothods  for  tho  collection  and 
interpretation  of  poopraphic  or  terrain  data  from  a  variotv  of  sources. 

Sum-ia  r  v 

FM  3M-1'1  treats  the  pooprapliic  asnocts  of  thi'  hattlefiold  as  i  u  t  c  1  I  i  ponce 
urad.ucts  ind  ('oncorns  itself  with  the  collection  and  or'initition  cf  '■hit 
i  nt  e  1 1  i  p(?m:e .  It  is  directed  to  the  terrain  unit,  vliicii  his  ’•lie  rosnonsihjl- 
itv  for  p-Jtherinp  terriin  into  1  1  ipenre ,  and  deals  at  lenpth  with  the  effect  of 
terrain  features  on  military  operations.  It  '.-ontains  sections  devoted  to 

i r  ■)  I  v'v ,  water  supplv,  md  waterways,  and  an  entire  chapter  on  wi-'ather  and 
climate.  !iowo\'er,  these  items  are  considered  on  I  v  as  observables.  yo  attf’n- 
tion  is  piven  to  eitlier  their  t imo-var tab Ic  nature  or  their  predictions.  The 
i-iuai  is  rc  tricted  throughout  to  the  tabulating  and  reporting  of  obsorveii 


rand i t ions 


FM  34-Sl/AFM  li)5-4 

Weather  Support  for  Army  Tactical  Operations 
August  1984 


Purpose 


This  manual  provides  doctrinal  guidance  to  US  Air  Force  (USAF),  Air 
Weather  Service  (AWS),  and  field  personnel,  including  commanders  and  staff 
officers,  who  are  concerned  with  the  weather  support  required  for  Army  tac¬ 
tical  operations.  It  consolidates  and  explains  US  Army  and  AWS  current  doc¬ 
trinal  guidance  on  weather  support  services  and  functions  provided  for  field 
armv  tactical  operations,  and  provides  guidance  to  field  personnel  and  USAF 
staff  weather  officers  and  AWS  personnel  operating  with  field  armv  headquar¬ 
ters  and  elements.  The  information  is  apnlicable  to  general  war,  limited  war, 
cold  war,  and  stability  operations. 

Summary 

Functions  and  responsibilities  are  delineated  on  pages  1-8  and  1-9. 
Noteworthy  is  that  the  tasks  of  soil  traf f icabi 1 i ty ,  river  stage,  and  flood 
forecasts  are  the  responsiblities  of  the  Assistant  Chief  of  Staff  for  Intel¬ 
ligence.  Chapter  2  addresses  Army  weather  information  sources:  the  artillery 
meteorological  section  and  the  terrain  analysis  technician.  Chapter  4,  "Armv 
Weather  Support,"  describes  what  and  where  the  best  sovirce  of  Army  meteoro¬ 
logical  data  can  be  required.  Of  interest  is  the  description  of  the  role  of 
en gi nee r ' art i 1  lory  survey  units  (p.  4-3)  and  imagery  interpretation  elements 
(p.  4-4).  Engineer  to]->ographi  c  units  provide  streamflow  measu  r.'meii  l  s  and  [ire- 
dict  river  stages  and  floods.  The  engineer  flood  prediction  servic’.-  relies  (M1 
weattier  teams  for  precipitation  forecasts  in  support  ot  rivor  erossinc.s,  air 
he'ids,  ind  defivisive  positions. 

A- 2  2 


1  »..w 


KM 

'.K’serc  liner  at  vons 
Allans  t  I'jyr 

Pur  nose 

purpose  of  this  manual  is  to  describe  how  PS  Arnv  forces  ti^ht  in  the 
lesert.  Conditions  encountered  in  the  desert  will  have  a  nrofound  effect  on 
■nilitarv  operations.  Desert  onerations  reauire,  i^onti  other  things  special 
■■aui  p'-'.o'o.  t  ,  snecial  triinine  .>nd  acc  1  i  mat  i  zat  i  on  ,  and  a  hiph  decree  of  self 
iisclnline  if  operations  are  to  be  successful. 

Su—na  r  V 

To. i  s  -'.anu  il  '.escribes  !iow  to  nron.are  for  'desert  operations,  how  units 
fidht  in  the  ieserc,  and  how  combat  service  supnort  operations  function  in 


.s uchi  .m 

env  i  r(z  11  merit . 

It  focuses  .in 

tlie  environment  and 

its 

effects  on  person- 

•icl  and 

tui'-ii  pmenc , 

IS  well  as  the 

fact  '1  r  s 

to  he  cons  id 

e  tt'd 

when  prep.arintt  for 

(.ieserc 

oper  icions . 

.Addi  tionallv. 

FM  9(1-3 

details  how 

the 

desert  <invironmont 

atfeacts  various  tactical  operations.  The  role  of  combat  service  support  in  an 
arid  environment  is  also  delineated.  Due  to  the  m.ajor  role  that  water  will 
play  in  desert  operations,  added  emphasis  is  to  discussions  pertaining 

to  w.ater  ;.)perations.  Paste  2-9,  addresses  tin?  i-nportanci'  of  natural  Iv  occurinc 
•vater  sources.  Paife  2-15,  describes  the  affect  of  water  on  soldi. .-r  nerl  orm- 
ince,  while  papes  A-19  state  that  findins;,  deve  I  oin  nsz  ml  if  necessirv 
i.z  s  t  ro  V  i  nc  water  supplies  is  .a  hifn  priority  tas'rc  tor  enzincrs.  Wit  t  is  i 
cl  !ss  of  supjily,  and  is  combat  service  support  is  tre.at.'d  on  p.!p‘  A-u. 


A-  :  i 


1--M  mi- 10-1 

Staff  Offlci'r's  Field  Manual 
Or  ra.n  i -M  t  iona  i  ,  TcohnieaL,  and  Lo.ii  i  .s  t  i  ca  L  data 
Jiilv  1978 


Purpose 


FM  !0[-!  1-1  is  used  as  a  plannin>^  lUifde,  providing  iieneral  planninii  data. 
)r  staff  articers  of  all  echelons.  However,  the  primary  thrn.st  in  developinii 


.1  It  i  '".as  been  ta  ‘^'I’fi 


c,,  1  ;  1  T  ,  e  , 


needs  -f  al,  .;n;v.'rs  it  ;  i  .' i  ^ian 


Snmmar V 


BiTic  I'oKs,  supply  planning  data,  moveracMic  planninit  data,  personnel  and 
kI  Ti i ns  t  r  a  t  ion  ,  engineer  plannim;  data,  and  s i  t ua t Iona  1 1  y  dependent  comnat 


planniiu;  factors  are  covered  in  this  manual. 


;sifir.ation  of  water  as  an 


item  of  supply  is  covered  in  Chapter  d.  Requirements  for  water  .supply  and 
rit-'s  of  consumption  are  found  on  parre  n-h.  The  information  for  arid  environ- 
-’ents  has  been  revised  and  updated  in  ITS  Armv  Training  and  Doctrine  Command 
(TH.MViC)  'Pamphlet  (P.-VM)  a2b-ll. 


TB  5-550-1 

Flood  Prediction  Services 
December  1956 

Purpose 

This  bulletin  presents  a  description  of  typical  conditions  under  which 
flood  prediction  and  flood  warning  services  should  be  established  for  military 
purposes.  It  outlines  the  organizational  arrangements  and  facilities  needed 
to  establish  and  operate  such  services  under  alternate  circumstances.  It  also 
presents  information  and  instructions  of  a  general  nature  that  would  be  usefvil 
in  t'stablishing  military  flood  prediction  services. 

Summary 

This  bulletin  describes  conditions  under  which  a  flood  prediction  service 
should  be  established  and  discusses  the  necessary  organizational  arrangements 
and  facilities  to  provide  this  service.  The  criteria  for  the  establishment  of 
a  flood  prediction  service  are  presented  in  the  form  of  three  questions:  Will 
a  flood  affect  the  military  operations?  Will  the  forecast  be  of  sufficient 
military  value  to  justify  the  effort?  Is  it  possible  to  gather  the  hydrologic 
data  required  to  develop  the  forecast? 

The  flood  prediction  services  are  (iivided  into  thri'o  tvpes,  based  on  th(’ 
time  of  flood  crest  after  the  beginning  of  rise.  The  Local  Flood  Prediction 
Service  would  be  established  for  small  streams,  with  a  time  to  peak  of  less 
than  12  hours.  A  Regional  Flood  Predicition  Service  would  be  established  for 
in  area  where  the  timi^’  to  peak  is  between  12  and  ID  hours.  The  Centralized 
Flood  Predicition  Service  would  be  established  in  an  area  where  the  time  to 
peak  is  more  than  30  hours. 


TB  3-=)SO-2 

-  CompiLation  at  Inte  1  L  i  t^enc^  on  Militarv  Hvdr()lo!>;y 

Jaunaiirv  1958 

Purpose 

This  bullecin  provides  a  valuable  tool  for  traiainit  personnel  and  pre¬ 
sents  the  oorapilation  of  IntelliKence  on  nilitarv  hydrolot^y  as  a  simple  check¬ 
list  procedure. 

Summ.i  ry 

This  publication  is  a  vuide  for  tlie  compilation  of  data  on  nilitarv 
ro  lopy .  It  provides  a  list  of  information  items  (vit'n  ’ximples)  rerjuiren 
fjr  specific  hvdrolottic  subjects.  Inform, it  iorr  lists  are  provided  for  the 

foLlowinv  12  subject  areas:  watersheds,  river  and  c.anal  channels,  stream  and 
river  cai'es,  precipitation  itiifes,  bridges,  fords  and  ferries,  dams  and  reser- 
'.'olrs,  hydroelectric  plants,  flood  protection  structures,  naviieatlon  locks, 
i  r  r  i  ;';a  i  on  projects,  and  drainage  projects. 


TB  5-550-3 

Flood  Prediction  Techniques 
Februarv  1957 

Purpose 

The  purpose  in'  this  bulletin  is  to  present  flood  prediction  techniques 
I'ld  procedures  in  .1  torn  suitable  for  military  use. 

Summary 

This  bulletiTi  discussei-  basic  hydrology  and  presents  methods  for  fore- 
isrinp  tloous.  ot  t'tu>  h.ydrolovjy  manuals  vised  by  the  Any,  this  bulletin  pre- 
s.i'its  r'o*  li'hest  Level  of  technoloqv.  Subjects  discussed  in  detail  include 
r  u -n  1 1  I  ,  pt'O- i  pi  t  It  i  on-rui',of  f  relations,  strcamflow,  hydro«raph  ileve  lopment , 
unit  hydro.;r  inn  construction,  v?age  relations,  flood  routing,  snow,  and  radar. 


N'unerouy  examples  are  presented 


TB  MED  5/7 

Sanitary  Control  and  Surveillance  of  Field  Water  Supplies 

March  !98b 


Purpose 


This  technical  bulletin  provides  preventative  medicine  information  and 
;^uidance  to  military  personnel  concerned  with  the  location,  production, 
sanitary  control,  and  surveillance  of  field  water  supplies  on  land. 

Summary 

The  nine  chapters  in  this  bulletin  provide  insight  into  the  role  of 
sanitary  control  in  each  phase  of  the  water  sunnlv  cvcle.  Human  requirements 
for  potable  water,  water  sources  and  water  -  point  reconnaissance,  water 
purification,  distribution  and  storage  operations,  and  water  conservation  are 
all  discussed  from  the  aspect  of  how  to  monitor  water  quality  standards. 
Chapter  4,  "Water  Sources  and  Water  Point  Reconnaissance,"  contains  most  of 
the  data  ot  interest  to  the  hydrologist.  TB  MED  576  treats  the  sanitary  con¬ 
trol  and  surveillance  of  water  supplies  at  fixed  installations.  Together  TB 
MED  577  and  TB  MED  576  replace  TB  MED  227,  Sanitary  Control  and  Surveillance 


of  Water  Supplies  at  Fixed  and  Field  Installations. 


TM  5-235 
Special  Survevs 
September  19^4 


Purpose 


This  manual  is  a  reference  for  engineer  officers  and  technicians  respon¬ 
sible  for  the  supervision  and  conduct  of  special  types  of  surveys,  and 
describes  the  instruments  and  equipment  to  perform  special  surveys. 

Summary 

The  various  survey  types  discussed  include  underground  surveys  (Chapter 
2),  tooIoTic  and  nedologic  surveys  (Chapter  3),  land  surveys  (Chapter  4), 
hvdrographic  survevs  (Chapter  5),  shore-ship'  triangulation  (Chapter  6), 
magnetic  surveys  (Chapter  7),  and  arctic  surveys  (Chapter  S). 

The  portions  of  the  manual  reviewed  were  Chapter  3,  Sections  I  (Geology) 
,iiui  '[  (Pedology),  and  Chapter  5,  Sections  III  (Streamflow  and  Stream-Gaging 
Stations),  IV  (Stream-Gaging  Equipment),  and  V  (Measurement  of  Streamilow). 


TM  5-31()/AKM  «6-'i 

Pl.imia’.!:  and  Desiviu  or  Roads,  Airbases,  and  Heliports 
in  the  Theater  ot  ()per;iCions 
September  1968 


Purpose 


The  purpose  of  this  manual  is  to  provide  information  and  t'nidance  to  per- 
;onnt'l  r'‘sponsihle  fior  the  plinnini^,  desif^n,  and  r'Uist  rue  t  ion  of  theater  of 
■ape  rat  ivin.s  roads,  air  bases,  and  heliports.  It  is  designed  to  be  used  as  i 
reference  handbook  as  well  as  a  text  for  traininif  and  operations  purposets. 

Summary 

Only  the  new  working  draft  of  Chapter  9,  "Soils  Traf f icabi 1 itv, "  was 
reviewed.  This  chapter  covers  the  description  and  use  of  instruments  and 
equi oment  and  also  of  tests  performed  to  determine  t raf f icabi 1 i ty.  The  ranqe 
in  values  of  measurable  soil  parameters  is  presented.  Also,  empirical  rela¬ 
tions  used  to  predict  the  number  of  passes  over  different  soils  and  slopes 


that  tracked  and  wheeled  vehicles  can  make  are  presented. 


TM  5-Kl  i-:! 

W.iter  Supply:  W.itur  Sourros 
,hily  19hS 

Purpose 

This  "oanual  prescribes  the  procedures  to  he  followed  in  obtainins:  and 
developim;  sources  of  potable  water  for  Army  anil  Air  Force  installations  and 
for  speciil  projects.  It  describes  general  investigative  procedures  to  be 
rol  Lowed  in  deCerminintT  the  most  feasible  means  oi  obtaining;  the  required 
water  supplv.  It  established  criteria  to  be  followed  in  the  development  of 
!'i  le  r  a  round  ir  surtaco  supplies,  devtree  of  treatment  renuired,  and  types  of 
•'■imnin.:  •'cui ’'merit  to  be  used. 


Chapters  ,  7,  and  8  prr’ivide  an  intelligence  clu'cklist  for  existing  water 
supplies,  well  supplies,  and  surface  supplies. 

Chapter  9  gives  the  acceptable  concentration  of  cont ’ininant  s  in  a  water 
supply. 

Chapter  10  covers  water  supply  wells.  Subiects  discussed  included  Cost 
drilling,  well  construction,  types  of  housing,  and  pumps  to  be  used,  metering 
of  the  supplied  water,  as  well  as  the  minimum  number  of  'wells  reiinired  to  jiro- 
vide  sufficient  water,  their  capacity,  and  the  types  of  power  units  required 
for  pumping. 

Chapter  11  includes  a  discussion  of  well  housing  ind  punpin>',  I'quipmont 


for  surface  water  pumping  stations. 


Howat-'r  i  n,T  inJi  vlrnundv  ito  r  Cmitr  -I 
'.\n-e-aht'r  I'-W! 

Purpose 

T?\is  nanv\aL  provides  lUiid.iuee  for  the  planning,  supervision,  and 

)periti'in  ot  ^lewateri  nvt  and  pressure  reLlet  systems  and  of  seepage  cutoff  for 
leep  exc  ivat ions  for  structures. 


Summa  r V 


'f  tc.e  seven  chapters  in  this  naniuil,  Chapter  3,  "Geo  1  oyi  c ,  Soil,  nnd 
oun.dwiter  Invest  ianc  ions , "  '.nd  Cliioter  -i ,  "Oesicn  of  Gewaterinv,  '-’ressnre 
■v'liet,  ind  G.ronndwater  Control  Svstems,"  are  of  interest.  Chapter  3  centers 
on  .p’oLovtc  and  soil  conditions,  groundwater  characteristics,  and  the 
P’crne  ibt  1  i  ty  of  previous  strata.  N'otations  on  the  importance  of  corresponding 
surrace  water  i  n  ve  s  t  i  !',a  t  ions  are  made.  The  first  section  in  Chapter  4, 
"AniLvsis  or  Groundwater  Flow,"  is  noteworthy  because  it  introduces  the  reader 


to  methods  of  groundwater  flow  analysis 


TRAndC  PAM 

uS  Armv  Operacion.il  Concepts  for  Near  Term  Water  Resources  Manaitenent 

June  1981 

Purpose 

The  purpose  of  this  pamphlet  is  to  sec  forth  an  operational  concept  for 
an  interim  solution  to  the  problems  of  providint^  water  supply  support  to  a 
joint  force  for  land-based  combat  operations  in  arid  regions. 

Summary 

This  pamphlet  begins  by  discussing  the  operational  concepts  for  water 
support  by  time-phased  deployments,  and  Che  force  planning  for  water  support. 
These  discussions  are  supported  bv  four  maj'or  appendices.  Appendix  A 
describes  water  consumption  requirements  for  various  units  and  services. 
Appendix  B  outlines  Che  water  supply  requirements  by  unit  buildup  during 
'iepl'jymenc  pliases.  Appendix  C  portrays  a  typical  water  unit  installation  map 
needed  to  support  a  joint  force  in  an  arid  theater  of  operations.  Appendix  D 
closes  the  pamphlet  by  describing  the  organizational  models  for  implementa¬ 
tion.  The  role  of  engineer  well  drilling  operations  is  discussed  on  pages  8, 
15,  and  20.  Figure  C-1  presents  a  typical  theater  deployment  of  a  water 
supply  system,  showing  the  role  that  well  drilling  sites  will  play.  Figure 
C-12  depicts  a  well  drilling  site's  typical  inti’gration  into  the  water  supply 


s  V  s  c  e  m  . 


FRADOC  F.AM  525-32 

'.'S  Army  i^perat;  ivinal  Concept  for  Water  Support  in  i  Theater  or  Onerations 

September  1983 

Purpose 

The  purpose  of  this  concept  paper  is  to  describe  procedures  and  required 
resources  for  the  supply  of  potable  water  to  the  Armv  in  the  field. 

Summarv 

This  concept  paper  bo-oins  with  a  general  outline  of  operational  factors, 
ind  lists  what  Armv  organizations  are  responsibii*  for  various  water  support 
••.i  s  s  i  VC.  s  .  The  r  r'spon  s  i  hi  1  i  t  y  if  planning  adequate  and  continuous  water  sup- 
T'ort  is  detailed.  Oper.itional  concepts  are  described  bv  temperate,  tropical, 
artic,  .irid  regions,  and  by  various  echelon  levels.  Appendices  on 
re(]uirenents  for  new  equipment,  organizations,  and  training  are  provided. 
This  n  imph  U't  offers  a  good  overall  picture  '.)f  water  supply  operation. 


Kl'pnrt  1 

Th'j  I'sp  uo  oplivs  i  >•  1 1  Siirr  !('.•  'Itvliods  ror  Militirv  Croun.iwater 

'•:;!V  I'lS-; 

Purpose 

The  purpose  of  this  report  summarizes  information  on  the  use  it  surfar.- 
•leploveii  steophvs  ica  1  methods  for  military  vtroundwater  Jeti'ction  di'veloped  ‘^v 
the  Petroleum  and  Environmental  Technology  Division,  Lovi^Cics  Support 
hahoratorv,  I'S  Arnv  Be  I  voir  Research  and  Development  Center  (BRADCl,  iron 
to  'DS3. 

Sumn  I  r  v 

'^.'ven  -I'or  indiications  have  been  drawn  from  the  testing,  and  evaluation 
d.urin.-t  the  studv  vears.  The  first  Indication  is  that  electrical  resistivltv 
i-'d  seismi'  ref  rai'tion  are  tht'  two  >’,oiaphys  i  ca  1  techniques  with  the  greatest 
■’.ear-term  potential  for  succi'ss.  Second,  complementary  seismic  refraction  and. 
electric, al  resistivity  surveys  .generally  can  be  used  tor  itrouiui'va te r  detection 
wnen  the  water  table  occurs  in  unconsolidated  sediments  and  laenerally  can  not 
be  useii  successfully  for  <ietection  of  ,;ron!ul'v,a  t  e  r  in  cotirined  aquifers. 
Sever, il  lather  conclusions  drawn  from  thi?  testinst  arc  that  commercial  1  v  avail¬ 
able  soft'vare,  enuipmont,  and  microcomputer  svst'.'ms  enhance  suc<’ess.  Perhaps 
th'j  most  sittniflcant  factors  affecting  the  probabilitv  of  succi'ss  'ire  skilled, 
knowledgeable  personnel  to  conduct  the  surv<ays. 


A  !1  in^ibo.jk  o  l’  '.I’ssons 


CKRL-TK-M-:S/’ 

ot  Operacions  Construction  in  the  Desert: 

i.ear'U'd  in  the  Middl./  K.ist 
.Jnnuarv  1081 

Purpose 

The  niirnose  of  this  inter  iai  report  is  to  crvis.j  1  ■;  Pit  -  e;  i  i  ;  is'... 
irs'i  la  '-'it^riil,  •>nu!  aneut  ,  planniap  uiil  .|.•s^f’l,  «■'  '  ,  i  .. 

s',  mers  la.i  hui!J.->rs  for  the.aters  .of  ovM’ritioas  •  ■■  • 

...'■■St,  \si.i  (SW-M.  It  was  conpiled  bv'  the  I'S  .ifr.'  ■i.'S-^tt  ;  •  .  - 

■i’ '  i  r  c  is  Labe  r  :i  t  or  v  . 


S'  I"'*’', , r '/ 

i'lie  t.opie  ire. IS  revi^ewed  are:  base  design,  b.ise  pro  t c  t  i  ■on  ,  ■•l.-i-tri 
..Migration  and  distribution,  water,  verticil  and  horizontal  construction, 
ni'.ineer  work  factors.  of  particular  interest  is  Chapter  p,  which  .idd.r.'s 
.Iter  resources  nrobl^.'-ns.  This  chapter  specifically  treats  w.ater  supp 
: "  r  :  hiiL  i  'u  ,  t  r-ea  t  ■'O'f!  t  ,  and  solid  w.'is^te  treat-nent. 


CKRL-IJKS 


Troop  Const  met  ion  in  the  Middlo  Hast 
October  1982 

Purpose 

The  purpose  ot  this  report  is  to  consolidate  all  en;7ineer-rG  1  ated  .aspects 
or  problems  in  base  development  and  provide  plannc'rs  and  enitlneers  with  a  sin- 
■tle  source  handbook,  coveritu^  construction  problems  and  practices  unique  to  the 
Middle  Kast. 

Summ.iry 

T’li  s  r',>nort  covers  the  ■.'arious  c'nqi neer intt  disciplines  involved  in  b.isc 
dev'o  lonmeiU. .  These  include  base  planning  and  siting,  base  protection,  elec¬ 
trical  generation  and  distribution,  water  supply,  distribution  and  dispos.al, 
vertic.iL  construction,  horizontal  construction,  and  port  construction.  Fac- 
t  jr.s  ,!t:ectirn;  die  .■nvineer  work  force  are  also  considered.  Chapter  5, 
"Tyne  i  i  ,mU  Water  Conservation  Techniques,"  identifies  practical  and  (‘xpedient 
wat-.T  const' r  vat  i  on  measures  that  can  help  reduce  the  Logistical  burden  of 
water  suppLv  in  SW’A.  It  also  summarizes  the  near-term  water  supply  concept 
bar  irid  regions.  Perhaps  the  greatest  asset  of  Chapter  5  is  the  broakovit  of 
il  I 


1  i  or  water  tv-qu  I  r.'ments  for  major  Armv  missions. 


DMS  No.  Stuclont  Text  (  S  ■' ) 
Scro  im  Mv:ir  ')l  o  'v 
M.tron  19K'! 


Puf poso 


l'hv‘  purposo  or  this  text  is  to  introduce  torroin  un.i’ivsis  students  to  the 
0  ot  str‘',i-n  hvdroloitv. 


S'i"im.irv 

This  text  Is  divided  into  three  sections.  The  first  section  opens  with  a 
ussijn  on  the  i>rioin  of  streams  and  procinnis  to  th.e  basic  properties  of 
'.m  flow,  1  oc  i  t ,  discharge,  flow  and  chann.=>l  eiiiistment  and  oh-irineL 
.  hectioi  I  I  disucsses  hvdroloiric  rneasur-''-’ent  s ,  'hannel  roiu^hness, 
le ,  and  iiydrauLic  radius.  The  final  section  closes  with  a  discussion  of 
'  f  requt.-ncies .  This  text  vives  a  brief,  basic,  ''asy  to  understand  intro- 
ion  to  t!ie  topic  of  strean  hydrology. 
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tTL-TAC  MISC 

User  Requirements  Analvsis  for  the  Worldwide  W.ster  Resources  Data  Base 

January  1985 

Purpose 

This  report  describes  a  user  requirements  analysis  which  was  undertaken 
CO  define  and  prepare  a  worldwide  water  resources  data  base  (WRDB). 

Summary 

This  rpeort  addresses  the  user  requirements  analysis  phase.  It  describes 
Che  survey  and  analysis  conducted  to  determine  military  users  needs  in  terms 
if  dita,  reports,  and  access  to  the  computerized  data  base.  Tt  summarizes  the 
concept  and  structure  of  the  operating  system  and  data  base,  and  describes  the 
components  of  a  proposed  data  base  that  will  provide  evaluated  information  on 
the  quantity,  quality,  and  availability  (including  location)  aspects  of  water 
sources  and  facilities  in  terras  responsive  to  the  users'  varied  needs.  The 
report  ^ives  a  generalized  description  of  the  computer  systems  and  operating 
environment  suitable  for  servicing  the  DOD  requirements.  It  also  outlines  an 
illustrative  work  procram  for  the  continued  design,  data  base  development,  and 
system-implementation  phases  during  fiscal  years  1985  and  1985. 


t^TL  Technical  Report  ('207 
Terrain  Analysis  Procedural  Cuide  ior  OeoliK’v 
November  1979 


Purpose 


The  purpose  of  this  guide  is  to  provide  the  Armv's  terriin  iiitlvsts  ^Ot; 
step-by-step  procedures  for  collecting,  recording,  and  grapn  i  ,-a  1  1  v  pfs.'"'  i 
geologic  and  rock  type  information  from  sources  such  as  maps,  1  i  t  e  r  1 1  u  r.- ,  ci,! 
aerial  imagery. 


Summar V 

This  report  provides  the  methods  and  procedures  necess arv  tor  obtaiai-v 
information  on  geology  from  the  most  accessible  sources,  which  are  t  oiio.' r  anh  i  ;■ 
maps  and  aerial  photos.  The  report  is  written  for  the  US  Army  terrain 
analyst,  and  presents  the  detailed  methodology  necessary  for  obtaining 
ipproxim.nte  1 V  13  geologic  data  elements  useful  in  preparing  factor  I'vrlavs. 
This  report  does  not  deal  directly  with  military  hydrology.  However,  it  is 
usf'ful  from  the  standpoint  that  surface  drainage  pattern  interpretation  tc'-h- 


niques  are  utilized  as  a  key  to  geologic  and  potential  hydrologic  units. 


KTL  rochnic.il  Report  0285 

Terriin  AnnLysis  Procodur.'iL  Guide  for  Dr.iinaf;e  and  Water  Resource.s 

April  1982 


Purpose 

The  purp'ose  of  this  guide  is  to  provide  the  Army's  terrain  analyst  with 
sc.'p-hv-step  procedures  for  extracting,  reducing,  and  recording  drainage  and 
water  resources  information. 


Summ.ar  V 


This  document  is  one  in  a  series  of  terrain  analysis  procedural  guides 
h.’ing  written  specifically  for  US  Army  terrain  analysts,  and  presents  the 
methodologv  for  extr.acting,  reducing,  and  recording  information  for  drainage 
and  water  resources  data.  These  data  are  divided  into  three  subfields:  (1) 
watercourses  and  water  bodies,  (2)  drainage  basins,  and  (3)  groundwater. 
Step-by-stop  procedures  are  provided  for  producing  a  factor  overlay  and  sup¬ 
porting  data  tables  for  each  of  the  drainage  and  water  resources  data  fields. 
This  guide  is  a  good  cookbook  treatment  of  water  resources  analyses  techni¬ 
ques.  Coverage  of  surface  and  groundwater  procedural,  analysis,  and  inter¬ 
pretative  techniques  gives  a  clear  picture  of  the  water  resources  input 
required  for  a  complete  picture  of  military  hydrologic  factors. 


KTL  Report  0144 

Synthesis  Guide  for  River  Crossin.;s 
Of to her  19R3 


Purpose 


The  purpose  of  this  euide  is  to  provide  the  terrain  analyst  with  a  method 
fir  eva  I  iiat  ini’;  watercourse  sestnents  for  suitabiLity  as  river  crossing  areas. 


Summary 


A  deliberate  river  crossing  is  characterized  by  a  deliberate  pause  at  the 
entrv  hank  for  a  buiid-up  of  forces  and  equipment.  This  synthesis  guide  eval- 
u  ites  two  primary  factors  that  influence  the  planning  of  a  river  crossing: 
the  river  and  terrain.  The  physical  characteri'st  ics  of  the  river  itself  and 
the  aspects  of  the  nearby  terrain  that  interact  with  and  influence  the  river 
crossing  are  examined.  Methods  for  extracting,  evaluating,  and  presenting 
watercourse  data  are  provided. 


A-4  3 


HEC  Technical  Paper  92 

Hydrologic  Engineering  Center  Planning  Models 
December  1983 


Purpose 

The  purpose  of  this  technical  paper  is  to  document  the  programs  and  work 
available  for  use  by  the  general  community. 

Summary 


In  response  to  the  needs  of  US  Armv  Corps  of  Engineers  professionals,  the 
'JS  Army  Hydrologic  Engineering  Center  (HEC)  has  developed  and  supports  a 
family  of  computer  programs  designed  to  aid  the  Corps  in  its  work.  These  pro¬ 
grams  include  catchment,  channel,  allvivial,  and  statistical  process  models; 
system  operation  models;  plan  evaulation  models;  and  data  management  programs. 
These  models  individually  and  collectively  have  been  used  throughout  the 
Corps.  Plans  includes  improving  existing  models  and  converting  them  to 
execute  on  microcomputers.  Additional  HEC  reports  document  previous  efforts 
in  the  field  of  hydrology  which  relate  directly  to  military  hydrology.  A 
listing  can  be  obtained  directly  from  HEC. 


A-44 
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NCEL  TR-163; 

Dosert  Water  Supply 
June  1982 

Purpose 

The  purpose  ot  this  report,  published  by  the  Naval  Civil  Cn^inoerin)', 
Laboratory  (NCKL),  is  to  define  the  water  supply  requirements  and  constraints 
faciniT  the  Marine  Corps  in  desert  tactical  operations,  and  to  identify 
technoloi^ical  alternatives  for  provfdinjt  new  capabilities  in  the  mid-  and 
lon^-term. 


Summary 

Water  su'^^ly,  treatment,  storage,  and  distribution  requirements  were 
assessed  in  relation  to  notional  Marine  Corps  structure  and  hypothetical 
desert  scenarios  to  determine  required  capabilities  and  potential  shortfalls 
in  current  assets.  Although  not  an  Army  report,  this  report  presents  a  good 
overall  picture  of  desert  water  supply  requirements  and  anticipated  problems. 
The  repcrt  takes  a  systems  analysis  approach  to  water  supply,  beginning  with 
water  supply  sources,  touching  upon  water  treatment  and  storage,  through  to 


water  distribution  and  water  temperature  control. 


WKS  Rfport  i;L-79-t) 

^'.ilit.irv  Hvdrolo'Jy  Series  Reports  1-1  i 
Mov  l9/‘1-,!une  riRfi 

Pii  r  post' 

The  parpi)se  ot  this  series  of  reports  is  to  doi-iimi'ii  C  the  efforts  to 
iev.fljp  IP  iTproei'd  -pilitorv  hvdroLoitic  c-np.ibilitv  fi>r  the  "S  orm.'ii  torces. 
The  enphasis  is  on  application  in  the  tactical  environment. 

Siimma  r  y 

T'.es,'  reports  are  orit'ntoil  toward  thf'  developnt-nt  of  an  int<p;ratecl 
aethodil'ty  fir  rapidlv  locating  and  evaluatiniT  pronndwater  snppli.'s, 
p  1  r t i  'u 1  a r ; V  in  arid  regions.  Specific  works  incliuU'  (1)  the  compilation  of 
epiiielines  for  the  expedient  location  of  water  for  human  survival;  (2)  the 
1.' V..' 1  opnon  t  of  rt’mtite  imavtery  intcrpert.it  ion  procedures  for  dtftectinir  and 
ev  i  L  ua  t  i  Pit  roundw  a  t -•  r  sources;  (5)  tne  idaptation  of  suitanie  i'eop'uysica  1 
methods  for  detcctini;  and  I'valuating  groundwater  sources;  and  (4)  the  develop¬ 
ment  of  water-supply  analysis  and  display  concepts.  (Full  bibliographic 
citations  are  included  in  Annex  B  of  this  guide.) 


I.AST  PACK  OK  aNNF.X  A 


ANNKX  B 


BIBLIOGRAPHY  OF  SELECTKD  MILITARY  HYDROLOGY  LITERATURE 


Adams,  LTC  L.  M.  ,  and  Jordon,  MAJ  Larrv  D.  ,  Operational  Test  oF  Near  Term 
Water  Support  System  (US  Army  Airborne  Board,  1982). 

Anderson,  Monty  J.  ,  A  Prototype  Decision  Support  System  for  the  Location  of 
Military  Water  Points  (Georgia  Institute  of  Technology,  1980). 

Applegate,  James  K.  ,  Geoph\'slcal  Detection  of  Groundwater  (US  Army  Mobility 
Equipment  Research  and  Development  Command,  1981). 

Applications  of  Hydrology  In  Military  Planning  and  Operations,  Military 
Hydrology  Bulletin  1  (Military  Hydrology  R&D  Branch,  1957). 

Baldwin,  G.  V.  and  Mcguinness,  C.  L.  ,  A  Primer  on  Ground  Water  (Department  of 
the  Interior,  US  Geological  Survey,  1963). 

Bandy,  John  T.,  Distribution  of  Water  Use  at  Representative  Fixed  Army  Instal- 
lat  tons ,  CF,RL-TR-N- 1 57  (US  Army  Construction  Engineering  Research  Laboratory, 
iCERL!  1983). 

Bilton,  M.  S.  ,  Preliminary  Study:  The  Second  Line  Transport  Requirements  for 
the  Distribution  of  Water  in  a  Division  Area  of  Operations,  DOA-A-NOTE- 1 3 
(Department  of  Defense,  1983). 

Butler,  Dwain  K.  and  Llopis,  Jose  L. ,  Assessment  of  Two  Currently  "Fieldahle" 
Geophysical  Methods  for  Military  Ground  Water  Detection,  Miscellaneous  Paper 
(MP)  EL-79-6  (Waterways  Experiment  Station  [WES],  1984). 

Butler,  Dwain  K.  ,  Assessment  and  *^1618  Examples  of  Continuous  Wave  Electro¬ 
magnetic  Surveying  for  Ground  Water,  MP  EL-79-6  (WES ,  1986 ) . 

Calkins,  H.  W.  ,  Evaluation  of  an  Automated  Water  Data  Base  For  Support  to  the 
Rap'd  Deployment  Joint  Task  Force  (WES,  1981) 

Cerqan,  LTC  Paul  G.  ,  and  Stroup,  LTC  Theodore  G.  ,  Employment  of  the  Engineer 
System  in  Arid  Mountainous  and  Desert  Areas  —  A  Concept  Paper  (US  Army  War 
College,  1981). 

Cldras,  MAJ  Joseph  M. ,  The  Airmobile  Division  Potable  Water  Requirements  in  a 
Desert  Environment  (Armed  Forces  Staff  College,  1975). 

Chow,  V.  T. ,  Open  Channel  Hydraulics  (McGraw-Hill,  1959). 

Collins,  J.  ,  A  Quantitative  Summary  of  Groundwater  Yield,  Depth,  and  Quality 
Data  for  Selected  Mideast  Areas  (WES,  1982). 


:-li  mites  or  '.v'ater  Resources  Management  Action  Group  (WRMAO)  Meeting  (Deputy 
Chief  ot  Staff  for  Lo>tl  sties,  198A). 

Cosmo,  ILT  C.  L.  ,  To  Determine  the  Best  Method  of  Water  Distribution  for  a 
Li^ht  Division  in  an  Arid  Knvironment  (US  Army  Quartermaster  School,  Office  of 
the  Deputy  Commandant  for  Combat  and  Trainlnj^  Developments,  1983). 

Delaney,  A.  .1.  and  Sellmann,  P.  V.,  Detection  of  Arctic  Water  Supplies  With 
Geophysical  Techniques,  CR  79-15  (June  1979). 

Desai,  M.  ,  Aerial  Profiling  of  Terrain  to  Define  Stream-Valley  Geometry  — 
Study  Report,  US  Ceolovtical  Survey  Open  File  Report  76-672  (Charles  St  ark 
Draper  Laboratory,  1976). 

Dooite,  J.  C.  I.,  "A  General  Theory  of  the  Unit  Hydrograph,"  Journal  of  Geo- 
physical  Research,  64  (2):241-256  (1959). 

Dr  1  ina  te  (Defense  Mapping  School,  1977). 

Dp-iuban,  LTC  Stanley,  W.  ,  "Rhine  River  Flood  Prediction  Service,"  The  Mi  litarv 
Kngineer ,  (1945). 

Dziuban,  LTC  Stanley,  W. ,  "Employment  of  Artificial  Floods  in  Military  Opera¬ 
tions,"  The  Military  En-Tineer  (  1947). 

Dziuban,  LTC  Stanley,  W. ,  "Techniques  of  Artificial  Flooding  in  Military  Oper- 
itions,"  T’le  Military  Engineer  (1949). 

Dziaha?!,  LTC  Stanb.’y,  W.  ,  "Implications  of  Artificial  Flooding  in  Military 
Operations,"  The  Military  Engineer  (1950). 

‘■'vans,  D.  0.,  Hostetler,  S.  S.,  and  Onvskow,  L.  P.  ,  "Existing  Canabilities  for 
Measurement  and  Forecasting  of  Soil  Moisture  by  Remote  Means,"  Hydrology  and 
Water  Resources  (1977). 

Fleming,  G.  ,  Computer  Simulation  Techniques  in  Hydrology  (  1  975). 

Flood  Prediction  Techniques,  Technical  Bulletin  No.  5-550-3  (Department  of  the 
Army  [ DA  |  ,  19  5  7). 

Ford,  0.  T.  and  Davis,  D.  W.  ,  Hydrologic  Engineering  Center  Planning  Models 
(Hydrologic  Engineering  Center  [ H E C  ] ,  198  5)^ 

Fore,  CPT  H.  R,  ,  To  Determine  the  Best  Method  of  Providing  Potable  Water 
Support  to  Combat  I'nits  in  an  Arid  Environment  (US  Army  Quartermaster  School, 
Office  of  the  Deputy  Commandant  for  Combat  and  Training  Developments,  1983). 

Fowler,  CPT  Delbert  M.,  "Operations  at  Hwachon  Dam,  Korea,"  The  Military 
Engineer  (1952). 
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;■!  I  e  ■’10  :i  t  s  in  a  Desert  Knvlronnent  (’’S  Ar:nv  9i  a  r  t  •>  r -'as  t  ■■  r  seiioi., 
'triae  or  tiie  henutv  Coairnandant  tor  Coaih.at  and  Traiaine  hevo ! -i|'''"en' s  ,  194]). 
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Morsahv,  ".  W.,  New  '■lethods  of  Kiver  Caiu;iniT  (Wilev,  197o) 
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